Premature disposal of female calves before reaching milch herd and undesirable disposal of lactating cows are the major constraints in achieving larger herd size. During the early lactations, younger cows are supposed to give higher milk yield and undesirable disposal of early calvers, thereby, greatly hampers profitability of a dairy farm. Knowledge of the incidence of disposal along with reasons in various age groups and at various parities is essential to identify which age group or parity is more vulnerable for disposal. Moreover, knowledge of various genetic and non-genetic factors associated with disposal of animals may also be helpful in developing breeding and management strategies to reduce the incidence of disposal. In most of the studies, it was found that major reasons of disposal of dairy cattle were mortality among female calves and involuntary culling among adult lactating cows. Maximum mortality in female calves was observed during earlier ages and pneumonia, gastro-enteritis and debility were major reasons of female calf mortality. Whereas, most of the adult cows left the herd, due to teat and udder and reproductive problems. Moreover, indigenous breeds were found to be more adapted to Indian tropical climatic conditions in comparison to crossbred and exotic cattle breeds.
Introduction
Sahiwal is known as best milch breed of zebu cattle and also known for its endurance, resistance to tropical diseases, tick resistance and drought resistance. Due to these attributes, Sahiwal is one of the few indigenous breeds which has been imported by many other countries from India/Pakistan and has been used either for crossing or later on for incorporating some zebu genes [1] .
But last few decades have witnessed serious erosion of this breed in India. Primary requirement for genetic improvement of the breed is of larger herd size [2] , as larger herd facilitates in more intense selection and gives freedom for voluntary culling to the breeder. Disposal (comprising mortality and culling) of cows is a major constraint in achieving the goal. In India, production traits have been given more emphasis in dairy animals. However, heavy selection pressure on production traits has led a number of problems, especially higher culling and mortality rate in dairy cows [3, 4] . Knowledge of age/parity specific incidence, pattern of disposal and non-genetic factors associated with disposal of animal is essential, so that appropriate breeding and management strategies could be developed for accelerating the pace of genetic progress for this important milch breed of zebu cattle.
This review aimed at addressing various components of disposal pattern and various genetic and non-genetic factors influencing them in Sahiwal cattle.
Disposal Pattern
Disposal pattern covers two traits, i.e., culling and mortality [4, 5] . Culling is the removal of cows from the herd because of the sale, slaughter or salvage [6] . Culling is broadly classified into two groups: Voluntary culling and involuntary culling [7, 8] . Voluntary culling is culling of a cow for low production irrespective of her health, where a healthy cow is replaced because her replacement is more productive [8] . Whereas, involuntary culling is culling of a cow due to disease and/or low fertility or deformity regardless of her performance relative to her herd mates [8, 9] . High voluntary cull rates would mean that high producing cows would remain in herds for many years. Dairy producers need to focus on the causes of involuntary culling as these are the culls that greatly hamper profitability of a farm [7] . Therefore, high involuntary culling rates are of great concern on dairy farms for both an animal wellbeing and an economic point of view [4, 10] .
Disposal pattern of cattle has been broadly studied into three groups i.e., abnormal calving, disposal of female calves up to age at first calving (AFC) and disposal of adult lactating cows after entering into the milch herd [11] [12] [13] [14] . Abnormal calving has been calculated as percent prenatal calf mortality due to abortion, premature birth, and stillbirth [11, 12, 14] , mortality rate up to AFC as percent female calves died out of total live births up to AFC [2] , culling rate up to AFC as percent female calves culled out of total live births up to AFC [2] , mortality rate at subsequent lactations as percent lactating cows died out of total lactating cows that entered in a given parity in the milking herd [14] and culling rate at subsequent lactations as percent lactating cows culled out of total lactating cows that entered in the given parity in the milking herd [14] .
Incidence of Abnormal Calving and Effect of Non-genetic Factors

Incidence
The literature available on incidence and effect of various non-genetic factors on abnormal calving has been presented in Table- 1. The available report on various breeds of cattle indicated that the average incidence of abnormal calving in cows ranged from 3.14% to 12.0% [12, 13] . Among the exotic and crossbred cattle, average incidence was higher in comparison to indigenous cattle, which may be attributed to better adaptability of indigenous cattle than that of exotic and crossbred cattle to Indian tropical climatic conditions. Average incidence of abnormal calving in exotic and crossbred cows was 8.65%, whereas, in Sahiwal cows average incidence was 4.70% (Table-1 ).
Influence of non-genetic factors
Significant influence of season of calving on incidence of abnormal calving was reported by some workers [2, 11, [14] [15] [16] (Table-1 ). Whereas, other workers reported non-significant influence [12, 13, 17, 18] . Moreover, winter and summer seasons were reported to be more favorable for normal calvings, whereas, autumn calvers were reported to be more prone to calving abnormalities [11, 14] . Since, last trimester of gestation plays the most critical role in determining type of calving, therefore, in autumn higher incidence of abnormal calvings could be due to high parasitic load and hot and humid weather conditions in the preceding rainy season encountered during the last trimester of pregnancy.
Regarding the influence of the period of calving most of the workers reported significant effect of period of calving on incidence of abnormal calving [11] [12] [13] [14] [15] [16] [17] [18] (Table-1 ). Whereas, other workers reported non-significant influence of the period of calving on incidence of abnormal calving [2] . An increasing trend of abnormal calving over the periods has been observed in Sahiwal cows at National Dairy Research Institute (NDRI) farm [12, 14] .
Regarding the influence of parity, some of the workers reported non-significant influence of parity on the incidence of abnormal calving [2, 11, 12, 18] ( Table-1 ). Whereas, other workers reported significant influence of parity order on the incidence of abnormal calving [13, 15, 16] . Goshu and Singh [13] reported highest incidences of abnormal births in first parity and related it to under developed reproductive system in younger cows by the time of their first calving, resulting in higher incidence of dystocia and prenatal death of calves. Whereas, other workers [15, 16] found no definite trend of abnormal calving over the parities, which may be attributed to varying levels of feeding, breeding and management practices adopted at different farms.
Disposal Pattern in Female Calves up to AFC Incidence of mortality in various age groups up to AFC in female calves, effect of non-genetic factors and reasons
Incidence
Various studies showed that the average estimate of mortality rate up to AFC in Sahiwal cattle was 24.06%, which ranged from 15.54% to 35.38% [17, 18] . However, the average incidence of mortality up to AFC in exotic and crossbred cattle (21.89%) was slightly lower than that of Sahiwal cattle, which ranged from 13.67% to 45.60% [11, 19] . The average mortality rate among female calves from birth to AFC reported in the literature has been presented in Table-2. If we see the age group wise incidence of mortality (Table-3 ) than it revealed maximum mortality during the 1st month of age [11, 14, 20, 21] . Moreover, 14% mortality was reported in 0-1 month age group of female calves of Sahiwal breed, which was higher in comparison to other age groups [14] . 
Influence of non-genetic factors
Most of the researchers reported non-significant influence of season of birth on mortality in female calves up to AFC [2, [11] [12] [13] 17, 18] (Table-2) . Whereas, some other workers reported significant influence [16, 19] . The former reported significantly higher cases of female calf mortality during the summer season (15.89%) and rainy season (18.22%) than in winter (11.7%) and autumn (8.7%) in Frieswal cattle. Moreover, Pandey et al. [19] also observed maximum mortality of female calves in summer (52.27%) and minimum mortality in winter (36.04%) in crossbreds. The higher mortality in the summer season may be attributed to exposure of calves to adverse hot and humid weather conditions of summer, whereas better care and protection of calves from inclement cold weather conditions would have led to reduced calf mortality in winter season.
Regarding the influence of the period of birth, most of the workers reported significant influence of the period of birth on mortality of female calves up to AFC [2, [11] [12] [13] [16] [17] [18] (Table-2 ). Whereas, Pandey et al. [19] reported non-significant influence of the period on mortality of female calves.
Regarding the influence of parity of dam few researchers reported significant influence of parity of dam on mortality rate up to AFC [13, 16, 18] (Table-2) . Furthermore, it has been reported that incidence of female calf mortality increased among the female calves from older cows beyond fifth parity [18] . Decrease in body nutrient reserves and negative energy balance of cows especially during advanced parities due to greater stress of high milk production would have resulted in weaker female calves born leading to increased female calf mortality.
Reasons of mortality
In various studies conducted at NDRI, Karnal, it was found that major reasons of mortality in female calves were pneumonia, gastro-enteritis and debility [14, 22] .
If we correlate the reasons of mortality with the incidence of mortality in various age groups, we could say that higher incidence of mortality were observed in 0-3 month of age group, which could be attributed to higher incidence of pneumonia and gastro-enteritis encountered in this age groups during winter and rainy seasons, respectively. These findings conclude that 0-3 month of age group is most vulnerable to die, therefore, this age group needs special attention to prevent undesirable disposal of female calves prior to entry into a milch herd.
Incidence of culling in various age groups up to AFC in female calves, effect of non-genetic factors and reasons
Incidence
Various studies showed that the estimates of culling rate up to AFC in Sahiwal cattle ranged from 7.10% to 19.93% [14, 17] . Whereas, in crossbred and exotic cattle breeds, average culling rate ranged from 11.57% for Frieswal [16] to 31.05% for HolsteinFriesian [2] , with the average being 18.08%. It revealed that the average incidence of culling in female calves was higher in crossbred and exotic breeds of cattle 
Influence of non-genetic factors
Most of the researchers reported that the season of birth did not influence culling rates in female calves [2, [11] [12] [13] 16, 17] (Table-4 ). Significant influence of season on culling rates has been reported by Pandey et al. [19] for crossbreds.
Regarding the influence of the period of birth most of the researchers reported significant influence of the period of birth on culling of female calves [2, 11, 13, 16, 17] (Table-4 ). In the contrary, few workers reported non-significant influence of the period on culling of female calves [12, 19] .
Regarding the influence of parity of dam most of the workers reported non-significant influence of parity on culling of female calves [2, [11] [12] [13] 16] (Table-4) .
Reasons of culling
In usual practice, female calves are rarely culled to maintain a proper herd size. In a study conducted at NDRI, Karnal, it has been observed that some female calves were culled due to their poor growth and poor reproductive performance, which could be assessed only when the calves have reached to their puberty age [14] . And this may be correlated with comparatively higher incidence of culling reported in sexually mature female calves.
Disposal pattern in adult cows
Incidence of mortality and culling at various parities in adult lactating cows The higher incidence of culling has been reported during early lactations and after 420 day post-calving [4, 6] . Culling rates differ from <25% to over 35%, with 30% considered average and a culling rate of about 25% is considered optimal [7] . The literature available on mortality and culling rates at various parities among lactating cows of different breeds and crossbreds has been presented in Tables-6 and 7, respectively.
In various studies conducted at NDRI, Karnal, it has been observed that around 27% of total cows left the herd in different lactations either due to death or culling. Out of the total loss of 27% per lactation, the mortality was observed to be around 4%, and culling was found to be around 23% in Sahiwal cattle [12, 14] . Whereas, in another study [11] conducted earlier at same farm in Karan Fries (KF) cattle, total loss per lactation was found to be slightly higher (32.29%). And of total loss of 32.29% per lactation, the mortality was observed to be 6.85% and culling was observed to be 25.43% [11] .
Influence of non-genetic factors
Scanty literature is available regarding influence of non-genetic factors on incidence of mortality and culling in lactating cows. However, it has been found that period of first calving had highly significant influence on disposal of adult Sahiwal cows up to 4th lactation [14] . Whereas, season of first calving had no influence on disposal up to 4 th lactation [14] . N=Non-significani, S=Significant, KF=Karan Fries, HF=Holstein Friesian, J=Jersey, AFC=Age at first calving 
Reasons of disposal
In exotic cattle major reasons of disposal reported were injury, reproductive problems, mastitis, death and low production as 24.4, 16.2, 14.4, 14.4, and 12.9%, respectively [8] . Whereas, other worker reported that major reasons of disposal in Friesian cows were diseases, death, low production and mastitis as 40.6, 12.2, 7.4, and 3.8%, respectively [23] . In a study conducted at NDRI, it was found that major reasons of mortality in Sahiwal cows were infectious diseases (33.33%) and respiratory problems (19.44%), and other reasons of mortality were hepatic problems, cardio-vascular problems, urinary problems, neuro-musculo-skeletal problems [14] . Whereas major reasons of culling were teat and udder problems (40.82%), reproductive problems (28.57%), and low milk production (12.83%) [14] . Moreover, other reasons contributing to culling were poor health, leg problems, self-sucker etc. [14] .
Genetic Analysis of Disposal Pattern Abnormal calving
Effect of sire
Significant effect of sire on abortion has been reported in a study [15] , which ranged from 2.94% to 20% among the progeny of different sires in Karan Swiss cattle. Highly significant influence of the sire on abnormal calving has also been reported in a study [12] . And the average incidence of abnormal birth was estimated as 3.2% among 771 pregnancies from 22 sires [12] . Of 22 sires used for breeding, there was no incidence of abnormal births among the pregnancies of 10 sires (45.5% of total sires). About 54.5% of total sires used were responsible for abnormal births [12] . Whereas, other researchers reported non-significant influence of the sire on abnormal calving [11] . Later on, highly significant influence of the sire on stillbirth has been reported in another study [19] .
Heritability estimates
The available information regarding the heritability estimates of abnormal calvings indicated very little additive genetic variability in the trait in all the breeds. The heritability estimates of abnormal calving reported in various studies were 0.28, 0.101, 0.16, <0.002, and 0.056 [11] [12] [13] [14] [15] , respectively.
Disposal of female calves up to AFC
Effect of sire on mortality rate of female calves up to AFC Some workers reported significant influence of the sire on mortality rate of female calves [12, 19] . Former one reported no mortality from birth to AFC in female progenies of 2 out of 22 sires. The average mortality was 22.7%, and it ranged from 15.3% to 48.6% among the female calves of 20 sires [12] . The mortality was below 20% among progenies of 36.4% of the total sires, between 20% and 30% among the female calves of 18.2% sires, 30-40 among the female calves of 22.7% sires and above 40% mortality was found among the progeny of 13.6% sires [12] . On the contrary, other workers reported non-significant influence of the sire on mortality rate of female calves in KF cattle [11] .
Effect of sire on culling rate of female calves up to AFC
Some researchers reported non-significant effect of sire on culling rate up to AFC [11, 12] .
Heritability estimates
Most of the workers reported very low estimates of heritability of mortality and culling rates of female calves up to AFC [11] [12] [13] . The heritability estimates for mortality rate were 0.028, 0.181 and 0.180, respectively, and for culling rate up to AFC were 0.013, 0.065 and 0.710, respectively, in their studies. The heritability estimates for disposal of the female calves up to AFC was found to be very low (0.025) [14] .
Disposal of adult cows
Scanty literature is available regarding heritability estimates of disposal pattern in adult cows. However, low estimates of heritability of disposal of adult cows up to 4 th lactation (0.120) were reported [14] . However, very low estimates of heritability of mortality (0.013) of adult cows have also been reported [3] .
Conclusion
In various studies, major reasons of disposal were found to be mortality in case of female calves and involuntary culling in case of adult lactating cows. Calves during their early months of age (up to 3 month) were more prone to die. Therefore, this age group of calves needs especial attention, especially against adverse weather conditions that would lead to reduced incidence of calf mortality. Most of the adult cows were culled from the herd because of teat and udder and reproductive problems. Hence, it is imperative to lay more emphasis on the measures to minimize teat and udder and reproductive problems, thereby reducing involuntary disposal.
